ABSTRACT: Red clover (Trifolium pratense L.) is one of the most important temperate legume species, used to lessen the lack of forage during the critical fall-winter period in Rio Grande do Sul, RS, Brazil. However, its utilization has been restricted mainly because of its lack of persistence. This work evaluates the dry matter yield and persistence of red clover half-sib progenies in two physiographic regions of RS: "Depressão Central", in Eldorado do Sul and "Encosta Superior do Nordeste", in Veranópolis. Experiments were carried out for two growing seasons and results were compared to two red clover commercial checks, Qüiñequeli and Estanzuela 116. The region of Veranópolis was more adequate for red clover forage production, enabling better yield and persistence. The best check for both locations was cultivar Estanzuela 116. At Eldorado do Sul persistence was highly affected and some progenies were superior to the best check. At Veranópolis the best check was very productive, with good persistence. The best progenies at both locations were selected to be propagated and submitted to additional recurrent selection cycles. 
INTRODUCTION
Red clover is a cross-pollinated legume that gives good, high-quality forage yield in many regions of Rio Grande do Sul, Brazil (Araújo, 1967; Moojen, 1979; Jacques et al., 1995; Oliveira & Moraes, 1995) . Since part of the production is concentrated around the cold season, it becomes an alternative crop for cattle feeding during that period, when natural pastures usually present little growth and low quality.
Basically three red clover cultivars are utilized in Rio Grande do Sul: Kenland, of North-American origin; Qüiñiqueli, from Chile; and Estanzuela 116, from Uruguay (Paim, 1988) . In spite of being well adapted to the local edaphic-climatic conditions, these cultivars present a few problems. Main drawback is their low persistence. Despite being perennial species, it usually behaves as annual or biennial plants, and this reduces its productive potential in the long run. In addition, most red clover seeds are imported, and their price is thus linked to exchange rate variations, leading to considerable reduction of the planted area when seed prices are high.
The objective of this work was testing and selecting half-sibling progenies from plants presenting superior traits, in two different locations, emphasizing persistence and forage yield. This work is part of a red clover breeding program aimed at developing germplasm that would be more adequate for the region's edaphic-climatic conditions, an attempt to make red clover a viable feeding alternative for cattle in Rio Grande do Sul during the cold season, either as single cropping intercropped with cultivated forage grasses, or as a species grown to improve native pastures.
MATERIAL AND METHODS
Forty eight out of 300 plants previously evaluated (Crusius, 1997 ) -seed and dry matter yield, height and diameter growth rates, and regrowth potential -were compared to two commercial cultivars, Qüiñiqueli and Estanzuela 116 taken as standards, comprising 50 treatments distributed in a randomized block design (n = 4). Each plot consisted of a two-meter-long row, the central meter considered for evaluations.
The experiment was installed in: Eldorado do Sul, RS, at the "Depressão Central" region (30 o 05'02"S, 51 o 36'58"W , 40 m altitude), on 14 June, 1996; and, Veranópolis, RS, at the "Encosta Superior do Nordeste" region (28 o 56'10"S, 51 o 32'58"W, 705 m altitude), on 12 July, 1996. Soil at Eldorado do Sul is a Plinthosol, and at Veranópolis is a Reddish Brunizem. In both locations the soil was previously fertilized and corrected according to the results of soil analysis (Recomendações, 1995) .
Dry matter yield was evaluated by cuts at 8 to10 cm every time plants reached 30 to 40 cm; data were presented as grams of dry matter per linear meter. Two growing cycles of the forage species (1996/97 and 1997/98) were evaluated for both locations.
Four cuts were performed during the experimental period at Eldorado do Sul, two in the first growing cycle and two in the second. Cuts were done on 11/07/96, 12/ 12/96, 10/21/97 and 01/08/98. Seven cuts were performed during the experimental period at Veranópolis, three in the first growing cycle (1996/97) and four in the second (1997/ 98); 11/19/96, 01/08/97, 03/10/97, 04/29/97, 09/16/97, 12/ 01/97 and 01/28/98 . Because red clover is a perennial, temperate climate species, the beginning of the second growing cycle was considered as fall 1997, i.e., from the fourth cut on (04/29/97). Persistence was evaluated visually (scale from zero to five), and the highest value was attributed to the most persistent progenies. Ratings were attributed according to stand and vigor of the plants, in each experimental plot, at the end of the period.
Data were analyzed using the SAS (Statistical Analysis Systems, 1994) software. Total dry matter yield was initially analyzed for each location and a joint analysis of the experiments was performed to verify the occurrence of genotype × environment interaction.
Since the variable dry matter yield required observations in time, it was analyzed according to the Longitudinal Data Analysis Methodology (Castro, 1997) ; the Analysis of Variance for Repeated Measures was utilized, through the PROC GLM SAS (Statistical Analysis Systems, 1994) procedure. However, the variable persistence, resulting from a single observation per experimental unit, was statistically analyzed by the F test (Anova). The comparison between treatment means utilized individual contrasts for each variable, between the best progenies in each variable and the best standard cultivar.
RESULTS AND DISCUSSION
When interaction genotype × environment was observed, two different selection strategies could be pursued. At first, the selection of genotypes that have greater production stability and adaptability to the environment, even not being the most productive and persistent in each location individually. In this type of breeding work, interest lies in genotypes with good capacity of adaptation to the different environments, where good average behavior is acceptable, enabling them to be recommended to broader regions. On another instance, it is possible to invest in the specific capacity of adaptation of certain genotypes to certain environments, selecting those presenting the best behavior in each environment. In this case, selected cultivars or varieties should be recommended for environments similar to those where selection was performed, turning the breeding project an effort directed to specific regions.
The joint analysis of the experiments for variable total dry matter was significant (P < 0.001) for the genotype × environment interaction, indicating that the behavior of progenies varied depending on the environments, which quite distinct climatic traits (Table 1) . Since the genotype × environment interaction was significant for total dry matter yield, the statistical analysis for each cut considered the locations separately, once the decision was made to select plants for each environmental condition.
At Eldorado do Sul, none of the best ten progenies was different from the best standard [cultivar (cv.) Estanzuela 116] for the first cut (Table 2) . However, progenies 4-36 and 3-37 were more productive than the standard at the second cut.
For the third cut, once again individual contrasts did not indicate any progenies more productive than cv. Estanzuela 116, while yields from progenies 5-25 (P < 0.01), 6-46 (P < 0.05), and progenies 3-24, 3-37 and 1-41 (P < 0.10) for the fourth cut were superior (P < 0.01) to the standard. Some progenies had similar yields at the third and fourth cuts, while cv. Estanzuela 116, at the last cut, reduced its mean dry matter yield to approximately one third of that obtained in the previous evaluation, providing evidence of a shorter yield longevity. After the fourth cut, no plot recovered to an extent that would allow new dry matter evaluations and, on March 3, 1998, the field work in Eldorado do Sul was discontinued since all plants died. With reference to total dry matter yield in Eldorado do Sul, only progeny 3-24 presented higher yield (P < 0.10) than cv. Estanzuela 116. This cultivar was only ten percent superior to the general mean for the experiment, indicating a lack of commercial cultivars adapted to the Eldorado do Sul region. *  1  1  2  1  3  6   3  3  -6  5  5  2  9  0  1  3  6  1  7  9  4  2  6   2  -6  2  3  3  3  8  1  3  1  8  4  4  9 Means followed by + , *and **are significantly different from cv. Estanzuela 116, at the 10, 5 and 1% levels, respectively, by F test for individual contrasts. 1 Mean of 50 treatments (48 progenies and 2 controls).
The coefficients of variation were compatible with the expected for the first two cuts (first production cycle), since even in half-sibling progenies there is much variation between individuals, within progenies in allogamous species, as in the case of red clover ( Table 2 ). The coefficients of variation determined in the third and fourth cuts (second growing cycle) were higher than in the first growing cycle. However, this is justified by the fact that many reductions in plant stand occurred by the end of the first production cycle, resulting in a great range of variation between replicates. In many plots, all plants died, and since one of the objectives was to test dry matter yield as a function of persistence, "zero" was attributed to dry matter yield of those plots, resulting in high coefficients of variation. At Veranópolis, there were differences between some of the best progenies and the best standard cultivar (cv. Estanzuela 116) for almost all cuts, as well as for total dry matter yield (Table 3) .
In the first cut, progenies 2-7, 3-20 and 3-32 were more productive than cv. Estanzuela 116. These were quite early in terms of forage yield and remained productive through the entire first growing cycle.
No differences occurred in the second and fourth cuts with respect to dry matter yield between the best progenies and cv. Estanzuela 116. In the fourth cut (04/ 29/97), all treatments presented reduced dry matter yield. In addition to the water deficit that occurred during March and most of April, 1997, this can also be explained by the fact that the plants were between the end of the first growing cycle and the beginning of the second. However, this production was very important, since it occurred during a critical season (fall), when the sum-mer pastures had almost finished their cycles and the annual winter pastures had not yet begun their productive periods.
For the third cut, progenies 5-40, 6-31 and 2-23 were superior to cv. Estanzuela 116 with regard to dry matter yield, and the ability of these genotypes to extend their productive period practically until the end of summer (March 10) in Veranópolis became evident. From the fifth cut forth, cv. Estanzuela 116 started to become prominent among the other treatments, showing good adaptation to this region. For this cut progenies 3-20, 3-25, 3-32 and 2-34 were below the standard.
In the sixth cut, only progenies 5-40, 2-23 and 3-25 were not less productive than cv. Estanzuela 116, while for the seventh cut, this cultivar was superior to all treatments. Despite the fact that yields of the seventh cut were not high, greater differences in favor of cv. Estanzuela 116 occurred for this cut, which emphasizes its productive longevity in this environment. The standard cultivar was the second-best treatment in total dry matter yield, superior to progenies 3-35 and 2-34.
With regard to total dry matter yield obtained in two consecutive cycles, several progenies showed productive potential similar to cultivar Estanzuela 116, providing evidence of the success of the ongoing breeding program.
When the two locations are compared in terms of dry matter yield (Figure 1) , attention is first drawn to the fact that in Eldorado do Sul plants better yields concentrated around winter and spring, both in the first and the second growing cycles. Apparently the high temperatures recorded in summer, in association to water deficit periods, did not allow plants to produce forage for a longer period.
At Veranópolis the red clover plants extended their productive period until the beginning of fall in the first cycle. In the second cycle, because of the fact that plants are perennial and already established, their production was anticipated, with 39% of the total yield occurring before the beginning of spring. The second production cycle at Veranópolis was evaluated only at the end of January, 1998, and it is possible that some progenies would grow further. In both locations the best standard in terms of forage yield was cv. Estanzuela 116, contrasting with cv. Qüiñequeli, for Eldorado do Sul and Veranópolis (data not presented).
Red clover is better adapted to Veranópolis (Figure 2) , where temperatures in summer are milder and rainfall is better distributed throughout the year (Table 1) , as also observed by Araújo (1967) . The total forage yield obtained in this location by the end of both growing cycles (means of all treatments) was higher (P < 0.0001) than in Eldorado do Sul, where many progenies were subject to stand reduction, or even disappeared completely by the end of the first production cycle.
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(used as comparative control) and overall mean for all treatments in Veranópolis.
Means followed by + , *and **are significantly different from cv. Estanzuela 116, at the 10, 5 and 1% levels, respectively, by F test for individual contrasts. , reinforcing the best yield potential of the species at the latter location.
With regard to the progeny with highest total dry matter yield in Veranópolis (progeny 2-7), its estimated yield in the first growing cycle was 9,040 kg DM ha -1 . Saibro (1972) compared several red clover cultivars in Vacaria, a region similar to Veranópolis, and obtained the highest dry matter yield in the first year with the cultivar Chesapeake (7,897 kg DM ha -1 ). Macedo et al. (1976) evaluated the response of a pasture composed of fescue (Festuca arundinacea) and red clover to liming and phosphorus sources in Lagoa Vermelha, another region similar to Veranópolis, and obtained for the best treatment, in three cuts, 2,869 kg DM ha -1 of red clover, a total of 5,353 kg DM ha -1 in the mixture. Final persistence at Eldorado do Sul was evaluated on 18 December, 1997. There were differences between treatments, with progenies 5-25, 2-24, 1-41, 3-24 and 4-36 persisting better than cv. Estanzuela 116 (Table  4) , which also was the best standard with regard to this variable. At Veranópolis, persistence was evaluated on 18 March, 1998, and despite the differences between treatments, none of the best 10 progenies was different from the best standard, cv. Estanzuela 116 (Table 4) .
Similar to what occurred with dry matter yield in Eldorado do Sul for the second growing cycle, persistence evaluation at this location had a high coefficient of variation, probably because intrinsic variability observed in half-sib progenies of allogamous species (which is the case in red clover) and great mortality, occurring by chance, among plants of the same progeny, affecting the homogeneity of replicates in the experiment. At Veranópolis there was greater plot uniformity (less mortality) and, as a consequence, coefficients of variation were always acceptable. Low persistence in this species was due to the stress caused by short dry spells and high temperatures in Kentucky and Mississippi (USA) Matches (1989) . Temperatures above 30°C are highly detrimental to persistence in temperate legumes, while 35°C is critical for the majority of those species (Paim, 1988) . Kendall (1958) , using cloned red clover plants, also showed concern with respect to red cloves being cultivated under high temperatures. That author evaluated plant development under several day and night temperatures, and concluded that the optimal temperatures for production and persistence of red clover are 24 o C during the day and 18 o C during the night. Climatic differences between the two regions, especially in terms of temperature, determined the greater persistence of progenies at Veranópolis, allowing one extra cut to be made in the fall, despite the low accumulation of dry matter (Table 3 and Figure 2 ). The two standard cultivars did not differ in persistence (data not shown); among the 10 most persistent Sul, are also among the 10 most persistent at Veranópolis, indicating that they adapt well to both regions. With respect to dry matter yield, only one progeny (2-23) was among the best ten in both regions. Considering the extents of environmental differences between the two regions, as well as responses of progenies at each location, selections in each environment were performed disregarding progenies individually, but considering performance in each region instead. In Eldorado do Sul, some progenies performed better than the best standard cultivar, in terms of dry matter yield and persistence, and were selected for evaluation in subsequent phases of the breeding program. Allthough no progeny was positively and significantly differentiated from the best standard in relation to dry matter yield and persistence at Veranópolis, this stage of the breeding program was worthwhile at that location, because of the excellent mean productive potential shown by progenies tested. Selected progenies should be monitored constantly, however, through future generations, so that desirable traits can be maintained.
